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 اﻟﺨﻼﺻﺔ
  آﺎﺧﺘﺒѧѧﺎر )RCP(أﺟѧѧﺮى اﻟﺒﺤѧѧﺚ اﻟﺤѧѧﺎﻟﻲ ﻟﺪراﺳѧѧﺔ ﺗﻘﻴѧѧﻴﻢ اﻟﺒѧѧﻮﻟﻤﻴﺮﻳﺰ اﻟﺘﻔѧѧﺎﻋﻠﻰ اﻟﺘﺴﻠѧѧﺴﻠﻰ 
ﺗﺸﺨﻴѧѧﺼﻰ ﺣﻘﻠѧѧﻲ ﻟﻠﻌѧѧﺪوى ﺑﺎﻟﺘﺮﺑﺎﻧѧѧﺴﻮﻣﺎ اﻳﻔﺎﻧѧѧﺴﺎى ﻓѧѧﻰ اﻻﺑѧѧﻞ ﻓѧѧﻰ آѧѧﻞ ﻣѧѧﻦ ﺷѧѧﺮق وﻏѧѧﺮب 
وهѧѧﻮ ﻣѧѧﻦ أهѧѧﻢ .  ﻣﻘﺎرﻧѧѧﺔ ﻣѧѧﻊ اﻻﺧﺘﺒѧѧﺎرات ﺑѧѧﺎﻟﻄﺮق اﻟﺒﺎراﺳѧѧﻴﺘﻮﻟﺠﻴﺔ واﻟѧѧﺴﻴﺮوﻟﺠﻴﺔ اﻟѧѧﺴﻮدان
أهѧѧﻢ أهѧѧﺪاف هѧѧﺬﻩ اﻟﺪراﺳѧѧﺔ هѧѧﻮ ﺗﻘﻴѧѧﻴﻢ ﻣﻘѧѧﺪرة   . اﻷﻣѧѧﺮاض اﻟﺘѧѧﻲ ﺗѧѧﺼﻴﺐ اﻹﺑѧѧﻞ ﻓѧѧﻲ اﻟѧѧﺴﻮدان 
وآﻔﺎءة اﻟﺒﻮﻟﻴﻤﻴﺮﻳﺰ اﻟﺘﻔﺎﻋﻠﻰ اﻟﺘѧﺴﻠﻠﻰ ﻓѧﻰ ﺗﺤﺪﻳѧﺪ ﻃﻔﻴѧﻞ اﻟﺘﺮﺑﺎﻧѧﺴﻮﻣﺎ و ﻣﻌﺮﻓѧﺔ اﻟﺨѧﺼﺎﺋﺺ 
 .ﺐ ﻣﻦ اﻟﻘﻀﺎرف ﺷﺮﻗﺎ و آﺮدﻓﺎن ﻏﺮﺑﺎاﻟﺠﺰﺋﻴﺔ ﻟﻠﻄﻔﻴﻞ ﻣﻮﺿﻮع اﻟﺒﺤﺚ واﻟﻤﺴﺘﺠﻠ
أﺟﺮﻳѧѧѧﺖ اﺧﺘﺒѧѧѧﺎرات ﺗﺸﺨﻴѧѧѧﺼﻴﺔ ﻣﺠﻬﺮﻳѧѧѧﺔ ﻟﻠﻤѧѧѧﺮض ﺷѧѧѧﻤﻠﺖ اﻟﻤѧѧѧﺴﺤﺔ اﻟﺮﻃﺒѧѧѧﺔ و اﻟﻤѧѧѧﺴﺤﺔ 
وﻗﺪ  أﺟﺮى اﻟﻤﺴﺢ ﺑﻐѧﺮض اﻟﺘﻌѧﺮف ﻋﻠѧﻰ اﻟﻄﻔﻴѧﻞ اﻟﻤѧﺴﺒﺐ . اﻟﻤﺼﺒﻮﻏﺔ و اﻟﻐﺸﺎء اﻷﺑﻴﺾ 
و ﻗѧѧﺪ ﺟﻤﻌѧѧﺖ اﻟﻌﻴﻨѧѧﺎت ( اﻹﺑѧѧﻞ)ﻟﻠﻌѧѧﺪوى ﺑﻤѧѧﺮض اﻟﺘﺮﺑﺎﻧѧѧﺴﻮﻣﻮﺳﺲ ﻓѧѧﻲ اﻟﻌﺎﺋѧѧﻞ اﻟﻄﺒﻴﻌѧѧﻰ 
ﻟﻴѧﺴﺘﺨﺪم ﻓѧﻲ ﺗﺤﻠﻴѧﻞ ( AND)اﻟﺘﺮﺷѧﻴﺢ ﻟﻴѧﺘﻢ اﺳѧﺘﺨﻼص اﻟѧﺪى ان اى ﻋѧﺸﻮاﺋﻴﺎ ﻓѧﻲ أوراق 
 .اﻟﺒﻮﻟﻴﻤﺮﻳﺰاﻟﺘﻔﺎﻋﻠﻰ اﻟﺘﺴﻠﺴﻠﻰ
و ﻳﺘﻢ ﺗﻤﻴﻴﺰ ﺧﺼﺎﺋﺺ ﻃﻔﻴﻞ اﻟﺘﺮﺑﺎﻧﺴﻮﻣﺎ اﻳﻔﺎﻧﺴﺎى ﺑﺎﺳﺘﺨﺪام اﻧﻮاع ﻣﺘﺨﺼﺼﺔ ﻣﻦ اﻟﺒﻮادئ   
واﻟѧﺬي ﻳѧﺴﺘﺨﺪم ﻟﻤﻘﺎرﻧѧﺔ  ( )ANDو هﻨﺎ ﻳﺘﻢ ﺗﻔﻜﻚ ﻋﺸﻮاﺋﻰ ﻟﻠﺘﺮآﻴﺐ اﻟﺸﻜﻠﻰ ﻟﻠѧﺪى ان اى 
ﻟﻠﺘﺮﺑﺎﻧѧﺴﻮﻣﺎ اﻳﻔﺎﻧѧﺴﺎى اﻟﺘѧﻲ ﺗѧﻢ ﻋﺰﻟﻬѧﺎ و اﻟﻤѧﺴﺘﺠﻠﺒﺔ ﻣѧﻦ ﻋѧﺪوى ﻃﺒﻴﻌﻴѧﺔ  اﻟﺘﺮآﻴﺒﺔ اﻟﻮراﺛﻴѧﺔ 
 ﻣѧﻦ اﻹﺑѧﻞ وهﻨѧﺎ  أﻇﻬѧﺮت اﻟﻨﺘѧﺎﺋﺞ ﺣѧﺴﺎﺳﻴﺔ ﻋﺎﻟﻴѧﺔ 006وﻗﺪ اﺟﺮى اﻟﺘﺸﺨﻴﺺ ﻟﻌﺪد . ﻟﻺﺑﻞ 
و ﺑﺪرﺟѧѧﻪ اﻗѧѧﻞ ﺣѧѧﺴﺎﺳﻴﺔ % 09وﺗﺨѧѧﺼﺺ ﻧѧѧﻮﻋﻰ ﻟﻔﺤѧѧﺺ اﻟﺒѧѧﻮﻟﻤﻴﺮﻳﺰ اﻟﺘﻔѧѧﺎﻋﻠﻰ اﻟﺘﺴﻠѧѧﺴﻠﻰ 
ﻮﻏﺔ واﻟﻐѧѧﺸﺎء اﻷﺑѧѧﻴﺾ اﻟﻤѧѧﺴﺤﺔ اﻟﻤѧѧﺼﺒ )واﻟﻤﺠﻬﺮﻳѧѧﺔ ( )TTACﻟﻼﺧﺘﺒѧѧﺎرات اﻟѧѧﺴﻴﺮوﻟﺠﻴﺔ 
  .ﻋﻠﻰ اﻟﺘﻮاﻟﻲ( واﻟﻤﺴﺤﺔ اﻟﺮﻃﺒﺔ
ﺷѧѧﻤﻞ ﺣﺮآѧѧﺔ هѧѧﺬﻩ ( اﺳѧѧﺘﺒﻴﺎن)اﻟѧѧﺸﻖ اﻻﺧѧѧﺮ ﻣѧѧﻦ اﻟﺪراﺳѧѧﺔ  آѧѧﺎن ﻋﺒѧѧﺎرة ﻋѧѧﻦ ﺗﻘѧѧﺼﻰ ﺣﻘﻠѧѧﻲ 
اﻟﺤﻴﻮاﻧﺎت و اﻟﻌﻼﻣﺎت اﻟﺘﺸﺨﻴѧﺼﻴﺔ اﻟﻌﻴﺎدﻳѧﺔ ﻟﻤѧﺮض اﻟﺘﺮﺑﺎﻧﻮﺳѧﻮﻣﺎ واﻟﻄѧﺐ اﻟﻤѧﺴﺘﺨﺪم ﻓѧﻲ 
ﻮاﻧѧﺎت اﻷﺧѧﺮى اﻟﻤﻨﻄﻘﺔ ﺑﺎﻹﺿﺎﻓﺔ ﻟﺒﻌﺾ اﻷﻣﺮاض اﻷﺧﺮى اﻟﻤﺘﻮاﺟﺪة ﻓѧﻲ اﻟﻤﻨﻄﻘѧﺔ واﻟﺤﻴ 
اﻟﺘﻲ ﺗﺮﻋﻰ ﻣﻊ اﻹﺑﻞ واﻟﺨﺪﻣﺎت اﻟﺒﻴﻄﺮﻳﺔ اﻟﻤﻘﺪﻣﺔ ﺑﺎﻹﺿѧﺎﻓﺔ ﻟﻠﻤѧﺸﺎآﻞ اﻟﺘѧﻲ ﺗﻮاﺟѧﻪ اﻟﺮﻋѧﺎة 
  .وﻣﻘﺘﺮﺣﺎت ﺣﻠﻮﻟﻬﺎ
هﺬﻩ اﻟﺪراﺳﺔ   ﺗﻌﻄﻰ ﺻﻮرة ﻋﺎﻣﺔ ﻋﻦ ﻣﺴﺘﻮى ﺣѧﺪوث اﻟﻤѧﺮض ﺧﺎﺻѧﺔ واﻧѧﻪ ﻻﺗﻮﺟѧﺪ اى 
  .دراﺳﺔ ﺟﻴﻨﻴﺔ ﻣﺆﺳﺴﺔ و ﻣﺴﺘﺤﺪﺛﺔ ﻋﻦ اﻟﻄﻔﻴﻞ ﻓﻰ اﻟﺴﻮدان
(. دواﺋﻴѧѧﺔ) اﺗﻴﺠﻴﺔ وﺑѧѧﺮاﻣﺞ ﻣﻜﺎﻓﺤѧѧﺔ آﻴﻤﻮﺛﻴﺮﺑﻴﻴﻮﺗﻴﻜﻴѧѧﺔ هѧѧﺬا اﻟﺒﺤѧѧﺚ ﻳѧѧﺆﻃﺮ ﻟѧѧﺼﻴﺎﻏﺔ  إﺳѧѧﺘﺮ 
وﻋﻤﻮﻣﺎ ﻓﺎن هﺬﻩ اﻻﺧﺘﺒﺎرات اﻟﺠﺰﻳﺌﻴﺔ ﺗﻤﻜﻦ ﻣﻦ اﻟﺘﺸﺨﻴﺺ اﻟﻤﺒﻜﺮ ﻟﻠﻌﺪوى ﺑﺎﻟﺘﺮﺑﺎﻧﻮﺳﻮﻣﺎ 
  . ۏاﻟﺴﻴﺮوﻟﻮﺟﻴﺔ وهﺬا ﻣﺎ ﻻﺗﺴﺘﻄﻴﻌﻪ ﻃﺮق اﻟﺘﺸﺨﻴﺺ اﻟﻄﻔﻴﻠﻴﺔ اﻟﻤﺠﻬﺮﻳﺔ
ة ﻳﺴﺘﺨﺪم ﺑﺼﻮرﺑﻞ .   أن هﺬا اﻻﺧﺘﺒﺎر ﻻﻳﺴﺘﺨﺪم  ﻟﻠﺘﺸﺨﻴﺺ اﻟﺠﺰﻳﺌﻲ ﻓﺤﺴﺐآﻤﺎ          
. ﻌﻼﺟﻴﺔ وﺑﺮاﻣﺞ اﻟﺴﻴﻄﺮة ﻋﻠﻰ اﻟﻤﺮض ﻣﺜﻠﻰ ﻓﻲ اﻟﺪراﺳﺎت اﻟﻮﺑﺎﺋﻴﺔ و ﺗﺼﻤﻴﻢ اﻟﺒﺮاﻣﺞ اﻟ
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Abstract 
 
 Trypanosoma evansi infection is the most important disease of Camel in the 
Sudan.The objectives of this project are firstly; to assess the capabilities of 
PCR in detection of the parasite. Secondly; to give an account of the Camel 
situation in the two study areas. Wet Smear Film (WSF), Thin Smear Film 
(TSF), and Buffy Coat (BC) surveys were conducted to identify T. evansi 
infection from a total of 600 natural hosts (Camels). Card Agglutination Test 
for T. evansi (CATT) was conducted to identify  T. evansi infection from  
a total of 210 camels. Random blood samples were collected on filter paper 
and their DNA was extracted for PCR analysis. The parasites were 
characterized by PCR using T. brucei spp specific primers. The obtained 
results showed that PCR have higher sensitivity and specificity (90%), while 
CATT, TSF, BC, and WSF gave less sensitivity 47.6%, 6%, 3.7%, and 
1.7%; respectively. This work has provided information on the prevalence of 
disease; therefore, certain steps should be taken for treatment and control 
measures. As there are no previous studies in the Sudan on the molecular 
characterization of the parasite, this research is useful in formulating 
strategic control programmes. Moreover, this new molecular approach will 
make it possible to detect infections in Camels in the very early stages where 
microscope examination is unclear and to monitor groups of animals after 
trypanocidal treatment. Furthermore, this will not only be beneficial for 
diagnosis but also useful for epidemiological study and designing rational 
Trypanosomiasis control program. 
The Questionnaires results showed the current situation of Camels in Al-
Showak and Al-Obeid areas, concerning the migration of animal, movement 
 V 
 
pattern, sings of clinical diagnosis, other diseases, other grazing animals, 
veterinary services, vaccination, problems facing the owners and their 
solutions. To improve the health and productivity of Camels in Sudan, these 
findings should be taken in consideration by the authorities.  
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CHAPTER ONE 
INTRODUCTION 
 
1.1. General Introduction: 
Trypansomiases are a large group of diseases caused by obligated flagellate 
blood parasites; that infect members of every vertebrate class (Hoare, 1972). 
The Trypanosomes are found in blood and / or tissues of vertebrate host 
causing Trypanosomiasis in human and his animals (FAO, 1994). 
"Surra" is an animal disease occurring in Africa, Asia, and Latin America, 
caused by Trypanosoma evansi. This Trypanosome belongs to the subgenus 
Trypanozoon; together with T. equiperdum and T. brucei. The parasite 
infects various host species and is transmitted by biting flies such as 
Tabanidae and Stomoxys species, as well as by Vampire bats including 
Desmodus rotondus (Hoare, 1972). Camels and horses are very susceptible 
to the infection and death can occur within weeks or months. T evansi 
infections of cattle and buffaloes usually lead to pronounced immuno-
suppression, resulting in increased susceptibility to other opportunistic 
diseases such as pasteurella and anthrax (Stephen, 1986).  
T. evansi is thought to have been evolved from T. brucei on the northern 
extremity of the tse tse belt in Africa. It is indistinguishable morphologically 
from T. brucei and also undergoes antigenic variation. However, it differs 
fundamentally in that it can not complete normal cyclic development in the 
tsetse fly and is instead mechanically transmitted by another blood sucking 
flies. As a result T. evansi has spread outside the tsetse belt in Africa to large 
parts of North Africa, the Middle East, Asia and Latin America. 
Significantly, strains of T. evansi were found to lack maxicircles in their 
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kDNA networks. Since transmission through the tsetse fly requires a 
functioning mitochondrion, this would explain the blockage of the process. 
Moreover, in marked contrast to the situation in T. brucei, the minicircles of 
T. evansi show a great deal of homology in strains from different parts of the 
World, suggesting restrictions on the ability of T. evansi to mate, whereas in 
T. brucei, the highly heterogenous minicircles are postulated to have arisen 
from much more frequent exchanges of kDNA at the insect stage (Van der 
Ploeg et al., 1985; Borst et al., 1987).  
In animals many types of the disease are found, namely Nagana, Surra and 
Dourine (Hunter, 1986). In Sudan, Trypanosomiasis was first reported in 
1904 in cattle arriving to Khartoum from Upper Nile (Karib, 1961). T. 
evansi causes considerable loss in productivity in domestic animals such as 
horses, beef cattle, dairy cattle and buffaloes (Mathias and Muangyai, 1980). 
The disease causes significant morbidity and mortality in Camels in Sudan 
which has population of over 3 million Camels (Omer et al., 2004). The 
disease occurs both in chronic and acute form (Gutierrez et al., 2000). The 
chronic form of the disease is most common and is likely to be associated 
with secondary infection due to immuno- suppression (Njiru, 2004). Clinical 
signs and pathological lesions caused by T. evansi in Camels are unreliable 
for definitive diagnosis (Chaudhary and Igbal, 2000). Detection of parasites 
in the blood is difficult because parasitaemia is intermittent (Mahmound and 
Gray, 1980). However, serological tests include card agglutination test 
(CAT) (Davison et al., 1999) and enzyme-linked immunosorbent assay 
(ELISA) (Nantulya, 1994); in addition, molecular diagnostic techniques for 
rapid, sensitive and specific detection of T. evansi were used (Moser et al., 
1980). Detection of T. evansi by using nucleic acid hybridization probes was 
performed (Viseshakul and Panyim, 1990). 
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Recently, a case of T. evansi infection in a human was identified in the 
Maharashtra State of India (Vanhollebeke et al., 2006). 
 
1.2. Objectives of the Study: 
The general aim of this study is to: 
Evaluate a simple PCR-based technique for field diagnosis of T. evansi 
infection in Camel. 
However, there are specific aims, these are: 
[1]. Comparison between conventional (parasitological), serological (Card 
agglutination test) and molecular (PCR) techniques in diagnosis of T. evansi 
in camels. 
[2]. Detection of infections in Camels in the very early stage. 
[3]. Assessment of T. evansi in camels herd in Gedariff and Kordofan states. 
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CHAPTER TWO 
Literature Review 
 
2.1. Life Cycle Biology:                    
2.1.1. Taxonomy: 
2.1.1.1 Parasite: 
The great subphylum of the phylum Sarcomastigophora which contains 
parasites of medical and veterinary importance is the Mastigophora. The 
main characteristics of the groups are the possession of one or more flagella 
and the absence of sexual reproduction. It contains the genera Trypanosoma 
and Leishmania whose species are responsible for the dead tropical diseases 
of Trypanosomiasis and Leishmaniasis of man and his domestic animals. 
They belong to the order Kinetoplastida of the class Zoomastigophorea 
mainly because of the absence of chromatophores, the possession of 
heterotrophic type of nutrition in the main and the presence of not more than 
four flagella with a kinetoplast with mitochondrial affinities (Hoare and 
Wallace, 1966). Members of this group which spend their life partly in the 
blood or fixed tissue cells of vertebrates and partly in the alimentary system 
of blood-sucking arthropods are known as haemoflagellates. They belong to 
the family Trypanosomatidae (Hoare and Wallace, 1966). 
 
2.1.1.2 Disease:                                                                      
Trypanosomiasis is sub-divided into the African and South American forms 
which, while having some similarities, are quite distinct diseases. 
 African Trypanosomiasis:  
The African parasites infecting humans cause sleeping sickness, which can 
take two forms, a chronic progression caused by the salivarian sub-species 
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Trypanosoma brucei gambiense, mainly in Central and West Africa, and a 
more acute illness caused by Trypanosoma brucei rhodesiense, mainly in 
Southern and East Africa. Transmission of these protozoa results from the 
bite of the tsetse fly (Glossina) and the parasites develop in the blood 
stream, giving rise to ‘slender’ form which multiply rapidly, and ‘stumpy’ 
form, which when taken up by subsequent blood sucking, are infective to the 
fly and continue the life cycle. In the later stage of the illness, a range of 
symptoms occurs, including fever, joint pains, swelling of glands and 
organs, incontinence and eventually mental deterioration, coma and death. 
Another important African Trypanosome is T. brucei brucei which infects 
only animals, but along with T. congolense and T. vivax, has profound effect 
on humans due to its destruction of livestock (Crompton, 1988).  
 
South American Trypanosomiasis: 
The South American form of Trypanosomiasis is normally called “Chagas” 
disease after the brazilian who characterized it, follows from infection with 
the stercorarian species Trypanosoma cruzi via the faeces of several kinds of 
blood-suking reduviid bugs. Unlike the African Trypanosomes, these 
parasites invade tissue cells, including those of the intestine, oesophagus, 
peripheral nervous system and in particular the cardiac muscle cells. The 
early acute phase is often accompanied by only mild symptoms of fever and 
swelling of glands in adults, although quite severe and often fatal reactions 
occur in children. The chronic phase can last for decades, with a progressive 
disruption of one or several organs, notably the heart, oesophagus and the 
lower intestine, sometimes with cancer as a complicating condition. Death 
often follows heart failure due to wastage of the organ (Crompton, 1988). 
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2.1.2 Development in the Vertebrate Host:   
Man becomes infected when metacyclic Trypomastigotes are injected into 
the blood stream when the fly bites while feeding (Luckins 1977). When 
mechanical transmission occurs it is usually by the agency of biting – flies, 
such as Stomoxys and Tabanus. The biting fly is immediately infective after 
feeding but it remains so for short time only and must feed on another 
animal very soon if the Trypanosomes are to be transmitted. T. evansi and T. 
equinum are solely transmitted in this way, while T. equiperdum is 
transmitted mechanically by coitus (Vickerman, 1972).  
Biology of T. evansi in the definitive host, no sexual process has been 
observed in the life cycle of Trypanosome, and all multiple divisions 
commences at the kinetoplast followed by the nucleus and then the 
cytoplasm (Soltys and Woo, 1969). 
Multiplication in vertebrate host is discontinuous may occur in 
trypomastigote, epimastigote or amastigote form (Hoare (1964). The role of 
tabanid flies in mechanical transmission of the disease was first described by 
Rogers (1901). In the Sudan they play an important role in the mechanical 
transmission of animal Trypanosomosis (Karib, 1961a). They were also 
considered as major cause of the seasonal migration of cattle from the South 
to North during the rainy season (Kheir, et al., 1995). Lewis (1954) reported 
seventy species of Tabanid flies in the Sudan and Yagi (1968) added four 
more species to those recorded by Lewis. The main Tabanid species found 
throughout the country and involved in animal irritation together with 
mechanical transmission of pathogens are Atylotus agrestis, A. fuscipes, 
Tabanus taeniola, T. sufis, T. biguttatus, T. gratus, Philoliche margretti, 
Ancalo latipes and A. africana ( Razig and Yagi, 1975). 
 7
Lewis (1954) reported two species of Stomoxys in the Sudan, namely 
Stomoxys calcitrans, and S. nigra. Mahmoud and El Malik (1978) showed 
that the peak of Stomoxys spp. coincides with high Trypanosomosis 
incidence.  
Arachnid ticks of the genera Hyalomma, Dermacentor and Rhipicephalus 
have been suggested as vector of T. evansi (Boid, et al., 1985), although 
Kirmse and his colleagues (1987) considered that they were either not 
involved in, or were inefficient at transmitting T. evansi. In South and 
Central America T. evansi is also transmitted by the Vampire bat (Demodus 
rotundus) which also acts as a carrier (Hoare, 1972). 
 
2.1.3 Development in the Invertebrate Host:  
The development here known as cyclical development, takes up to 20 to 35 
days to complete in the fly. Camel Trypanosomosis has been reported to be 
transmitted mechanically by a number of species of haematophagous biting 
flies including the genera Tabanus, Stomoxy, Lyprosia and Haematobia 
(Diptera) (Rutter, 1967; Scott, 1973). Salivarian Trypansomes are spread 
mainly by at least 30 species and sub species of tsetse flies, which infest vast 
areas of tropical Africa (Losos 1986). Parasites in the blood stream of the 
infected mammal are taken by the fly as it feeds and then undergoes a cycle 
of development and division in the gut until the infective metacyclic 
Trypansomes are produced (Uilenberg, 1998).   
Development proceeds when blood forms, usually the stumpy               
forms, are ingested by the insect vector when it sucks blood from man. In 
midgut, the parasites multiply and grow into slender trypomastigote forms in 
about 10 days. These migrate to the foregut and give rise to slender 
proventricular trypomastigote form. Then they migrate into the salivary 
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glands through the oesophagus and hypopharynx and transform into 
epimastigote forms. They do not pass through the body cavity to reach the 
salivary glands. After further multiplications, they transform into the 
metacyclic trypomastigote forms - small stumpy forms with short free 
flagellum or none at all. This is the infective stage (Vickerman 1972).                               
Hoare (1976) divided the genus into two section; the first is salivarian where 
development takes place in the anterior part of the alimentary system 
“anterior station”, e.g. proboscis and the digestive tract, and transmission by 
inoculation when the vector bites. The second one is stercorarian where the 
development is in the hind gut “posterior station” of the insect and 
transmission is by faecal contamination.  
The incidence of Trypanosomiasis in animals is high during or after the 
rainy season due to the growth and proliferation of tsetse flies during the 
favorable season. However, a high transmission index was not necessarily 
link to a high fly infection rate and vice versa (Wilson et al., 1972). 
The tsetse infested area in the Sudan was estimated at 300,000 km2 in the 
South –Western part of the Country (Razig and Yagi, 1973). 
 
2.2. Parasite, the disease and its immunity: 
2.2.1. Variant Surface Antigen Switching: 
Trypanosomiasis is regarded as highly unlikely to respond to prophylaxis by 
vaccination because the mechanism by which the parasites so effectively 
evade the immune system involves a repeated and regular switching of the 
antigen molecules on their surface. The investigation of this phenomenon, 
predominantly in T. brucei, has led to the important discoveries about the 
mechanism of transcription, not only of the variant specific surface 
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glycoprotein (VSG) gene, but also of non – antigen genes in this and other 
organism (England et al., 1982). 
The first insight in to antigenic switching came with the observation that 
individual Trypanosome clones (i.e. populations derived from a single 
progenitor cell) each possessed a surface coat made up of a quite distinct 
protein, which was shown to result from different amino acid  sequences, 
often over long stretches of the molecule. This indicated that the underlying 
mechanism involved switching of VSG gene expression. To briefly recap the 
scenario, the immune system may kill the vast majority of parasite bearing a 
particular coat, but some Trypanosomes will always escape because they 
have activated a different VSG gene, making a new coat that is not 
recognized by circulating antibodies or cellular defense mechanisms. These 
freshly attired individuals rapidly reproduce to give a further full wave of 
infection before the immune system can raise a new set of antibodies 
(England et al., 1982). 
 
2.2.2   Immuno-genetics: 
Host specific immunity eventually clears the dominant antigenic types of 
infecting Trypanosome, and a new outbreak follows from antigenic types 
that have apparently been present all along at low levels. Sequences of 
dominant antigenic variant tend to follow a specific order, although the 
particular sequence can be influenced by the host immune response and 
other factors (Barry and Turner, 1991). Variation in switch rates may also 
play an important role in the wide variety of pathogenic microorganisms that 
under go programmed antigenic variation (Deitsch et al., 1997). The parasite 
has an ability to change its antigenic surface properties and consequently 
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escape the immune surveillance (Vickerman, 1989). Each parasite cell is 
covered with a nearly uniform and strongly antigenic glycoprotein coat. 
The parasite genome containing several hundred alternatives and highly 
diverse surface antigens, of which only a single one is expressed  on an  
entire coat in each cell generation at a rate of one per thousand to one per 
hundred (Barry et al., 1991). These switches appear to occur in an 
apparently random ways, creating a diverse set of antigenic variant. In spite 
of this diversity, parasitaemia develops as a series of out breaks, each one 
dominated by relatively few antigenic types (Barry, 1997). 
 
2.3 Diagnosis:  
Diagnosis of T. evansi infection usually starts with clinical symptoms or the 
detection of antibodies to T. evansi. Conclusive evidence of T. evansi 
infection, however, relies on detection of the parasite in the blood or tissue 
fluid of infected animals. Unfortunately, parasitological techniques can not 
always detect ongoing infections as the level of parasitaemia is often low 
and fluctuating, particularly during the chronic stage of the disease 
(Nantulya, 1990). Recently a highly sensitive and specific method is 
molecular detection of T. evansi using the Polymerase Chain Reaction 
(PCR), alternative to parasitological test (Moser et al., 1989; Artama et al., 
1992; Masiga et al., 1992).  
 
2.3.1. Parasitological Techniques: 
Standard parasitological methods include wet, thin and thick stain blood 
smear, haematocrit centrifugation technique, dark ground, phase contrast 
buffy coat techniques and examination of lymph nodes biopsy (Luckins, 
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1988). Detection of parasitaemia in the blood is difficult because it is 
intermittent (Mahmoud and Gray, 1980). 
Kellick-Kendrick (1968) reported that the wet smear method for detection of 
parasites is useful, simple and cheap but has important limitations such as 
low sensitivity, and one can not always identify the species of 
Trypanosomes. Thin smear is useful in identification of Trypanosomes 
species but is inefficient in diagnosis of the parasite when parasitaemia is 
low, however, the thick stained smear is more sensitive than both wet and 
thin smear in detection of Trypanosomes, but there will be difficulty in 
recognizing the parasite species. The Haematocrit Centrifugation 
Techniques (HCT) as described by Woo (1970) is able to detect 
Trypanosomes infection more efficiently than other parasitological 
techniques. 
(HCT) or Woo test is the technique most commonly used for the diagnosis 
of animal Trypanosomosis, but its  sensitivity is not well defined 
(Desquesnes and Tresse, 1996). Kalu and his colleagues (1996) have 
compared different parasitological techniques in goats infected with 
different species of Trypanosomes. They concluded that Micro Haematocrit 
Centrifuge Techniques (MHCT) was the most sensitive. Toro and co-
workers (1981) suggested the use of MHCT in addition to thick and thin 
films for the diagnosis of Trypanosomes in cattle. 
Inoculation of some Trypanosomes in rodents and examining their blood for 
two weeks proved to be sensitive in detection the Trypanosome (Hoare, 
1972). In horses infected with T. evansi mouse inoculation gave sensitivity 
for wet blood film examination (Monzon et al., 1990). Ascertained that one 
single trypanosome is quite enough to establish diagnosis of infection in an 
inoculated rat or mouse (Uilenberg, 1998). Freshly collected blood can also 
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be inoculated in the laboratory rodents which can then be examined 
regularly to determine if they have developed parasitaemia. The evaluation 
of some of these techniques under experimental conditions has given an 
indication of their detection limits in relation to the number of different 
species of Trypanosoma in a blood sample (Luckins, 1992). 
Gathuo and his colleagues (1987) were able to adapt two East African T. 
vivax strains in irradiated rats or mice and by passaging the rat blood from 
rat to rat were able to adapt T. vivax to normal rats or mice which became 
pathogenic to them. 
 
2.3.2. Serological Techniques: 
As the diagnosis of Trypanosomiasis in animals with low parasitaemia is 
hampered by low diagnostic sensitivity of traditional detection methods, 
many serological tests had been described. Last years much attention has 
been given to the development of specific serological test for T. evansi 
infection in camel such as card agglutination test (CAT). 
 
2.3.2.1. Indirect Fluorescent Antibody Test (IFAT):  
This technique has been used extensively in the detection of trypanosomal 
antibodies in animals and human. Antigens are usually prepared from blood 
smear which are fixed in acetone and then stored at a low temperature. The 
IFAT has proved to be both specific and sensitive in detecting trypanosomal 
antibodies infected cattle and Camel (Wilson, 1969; Lukins and Mehlitz, 
1978). 
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2.3.2.2. Complement Fixation Test (CFT): 
This test was one of the first techniques used to diagnose T. evansi infection 
in Camels (Schoening, 1924).  However, because the test is difficult to 
perform and standardization is of paramount importance, it has not been 
used routinely as diagnostic assay (Rae and Luckins, 1994). During its 20th 
annual meeting in Paris in May 1999, the OIE (World Organization for 
Animal Health) Ad Hoc Group on Non-Tsetse Transmitted Animal 
Trypanosomes expressed the following concern about dourine discrepancies 
in some of the results of the Complement Fixation Test (CFT) which is the 
only international diagnostic test officially recognized by the international 
organization for the transportation of Equidae (Zablotskij et al., 2003).                                
 
2.3.2.3. Latex Agglutination Test (LAT): 
This is an antigen detection latex agglutination test for the diagnosis of T. 
evansi infection, compared with other serological diagnosis. Ag-ELISA and 
Suratex diagnosed the animals with sub-patent infection which couldn’t be 
detected by parasitological method (Olaho et al., 1996). 
Suratex has been developed for detecting circulating trypanosomal antigen 
in the blood of infected animal. Serum plasma or whole blood is mixed with 
Suratex reagent on a test card which is then rocked manually, in positive 
reaction, agglutination develops in 2 min. Suratex has been shown to have a 
specificity of 99% using sera from horses, Camels and cattle, from non-
endemic areas. Its sensitivity is also high: 93-97% of blood samples from 
animals with parasitologically confirmed diagnosis gave positive reactions. 
The test also diagnoses latent infections which can not be detected by 
parasitological techniques (Nantulya, 1994). 
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2.3.2.4. DEAE (anion exchanger diethyl amino ethyl): 
Cellulose and mini anion exchange centrifugation techniques (mAECT) 
allow salivarian Trypanosome to be separated from the blood of infected 
animals. For mAECT columns, the DEAE gel was equilibrated with 
phosphate buffer saline glucose. The mAECT proved to be more sensitive 
than blood smear and buffy coat but less sensitive than mouse inoculation.  
mAECT can be used when other parasite-detection tests have failed 
(Gutierrez, et al., 2004).  
 
2.3.2.5. Enzyme-Linked Immunosorbent Assay (ELISA): 
This test was a major breakthrough in the diagnosis of animal 
Trypanosomosis. This test is specific and sensitive and it can be used readily 
for large scale screening of many serum samples (Mahmoud and Elmalik, 
1978). The ELISA has been used successfully for serodiagnosis of Camel 
Trypanosomosis (Rae et al., 1989). ELISA was used to detect T. evansi   in 
the sera of 110 Camels from different locations of Northern India, 
symptomatically suspected of having "Surra". The ELISA revealed 54-84% 
positive for circulating antigens as well as antibodies, compared with wet 
blood smear examination, which detected only  34-54%  positive cases. The 
antigen-detection ELISA was positive in all parasitologically proven cases 
as well as those with no parasitaemia. This therefore appears to be useful 
method for the diagnosis of latent "Surra" in Camels (Singh et al., 1994).                        
 
2.3.2.6. Species-specific Mono Clonal Antibody: 
The introduction of this technology has also been a major break-through in 
the diagnosis of Trypanosomosis due to T. brucei. No cross reaction occurs 
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between other species of Trypanosomes or other haemo protozoan parasites 
(Nantulya and Lindqvist, 1989).                                              
 
2.3.2.7. Sandwich ELISA: 
The brucei group specific mono clonal-antibody assay has been used as 
sandwich ELISA test to diagnose T. evansi infections in different animal 
species. In Camels from an endemic area, the test detected circulating 
antigens in many T. evansi parasite positive animals (Nantulya and Moloo, 
1988).  
 
2.3.2.8. Capillary Agglutination Test (CAT): 
This test was described by Ross (1971). It is similar to that which has been 
widely used in the diagnosis of Anaplasmosis, and Typanosomosis in man 
and animals using a particular antigen prepared from T. brucei. The results 
appeared promising and the test was used by Clarkson and co-workers 
(1971) to detect T. vivax infections in sheep.                                                 
 
2.3.2.9. (CATT/T.evansi) Card Agglutination Test for Trypanosomiasis: 
Infection with T. evansi results in production of circulating antibodies 
against several surface antigens of the parasite. Such antibodies can be 
demonstrated in the plasma or serum of the infected host by direct 
agglutination. CATT is a direct card agglutination test for detection of anti-
Trypanosome antibodies in serum or plasma of infected animals. The 
CATT- antigen is a freeze dried suspension of purified – fixed and stained 
blood stream form of Trypanosomes expressing a predominant variable 
antigen type of T. evansi. The antigen consist of cloned blood stream form of 
Trypanosome of Ro Tat 1.2; a predominant variable antigen type (VAT) of 
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T. evansi. The organisms are agglutinated by antibodies directed against 
RoTat 1.2 variable antigen epitopes and also by antibodies against invariable 
surface antigen components (Magnus, 1988).  
A direct card agglutination test for T. evansi, CATT/T .evansi based on the 
predominant variable antigen type  (PVAT) RoTat 1-2 was evaluated 
previously in the field in Isiolo district (Kenya)  (Louis et al., 2004).  
CATT/T. evansi was evaluated for detection of antibodies against T. evansi 
in experimentally and naturally infected buffaloes (Hilali et al., 2004). 
CATT was useful for initial population screening to identify suspects but 
was not sufficiently reliable for definitive diagnosis (Louis et al., 2001). 
CATT/T. evansi was adequate for assessing infection of Canarian goats by 
T. evansi (Gutierrez et al., 2004).                                                   
 
2.3.3. Molecular Biological Techniques:      
2.3.3.1. Polymerase Chain Reaction (PCR): 
Molecular biology has been revolutionized by PCR, a method that efficiently 
increase the number of DNA molecules in a logarithmic and controlled 
fashion. Kary Mullis conceived PCR in 1983 and the first publication 
appeared in 1986. Every year there after, the number of papers on PCR has 
arisen exponentially. In 1989, Science magazine select PCR as the “Major 
Scientific Development” and Taq polymerase, as “Molecule of the Year”. 
The advent of PCR was no longer a limitation in molecular biology research 
or diagnostic procedures. It is indeed difficult to find publication in the 
biological science that does not describe the application of PCR in some or 
other way.  
The chemistry involved in PCR depends on the complementarity of the 
nucleotide bases in the double-stranded DNA helix. When a molecule of 
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DNA is sufficiently heated, the hydrogen bonds holding together the double 
helix are disrupted and the molecule separates or denatures in the single 
strands. If the DNA solution is allowed to cool, the complementary base 
pairs can reform to restore the original double helix. In order to use PCR, 
exact sequence of nucleotides that flank the area of interest must be known 
(Walsh et al., 1992). This data is necessary to design PCR primers that are 5’ 
– 3’oligonucleotides of about 20 nucleotides in length. These are designed to 
be complementary to the flanking sequences of the target area. The two 
primers can then be synthesized chemically and will then serve as leaders or 
initiators of the replication step (Tylor, 1991). The key to the replication 
reaction is that it is driven by a heat-stable polymerase molecule that reads a 
template DNA in the 3’ – 5’ direction and synthesizes a new complementary 
template in the 5’ – 3’ direction, using free dideoxy nucleotide triphosphate 
(dNTPs) as building blocks. 
The principles of PCR can be summarized as; denaturation when a double 
stranded DNA (ds DNA) molecule is heated to 940C, the paired strands will 
separate. This allows the primers access to the single stranded DNA (ss 
DNA) template. In the annealing step, the reaction mixture is cooled (about 
500C) to allow primers to select and bind (hybridize) to their complementary 
position on the ssDNA template molecules. While in the elongation step, the 
ss DNA / primer solution is heated to 720C. In the presence of the heat - 
stable polymerase, PCR buffer, dNTPs and magnesium (Mg+2) molecules, 
the replication procedure begins. 
With each repetition of this cycle, the target is double and soon after about 
30 cycles, the reaction will yield in excess of 1 million copies of the target 
DNA fragment (Cheng, 1995). PCR can be used very effectively to modify 
DNA. Such modification includes the addition of restriction enzyme sites or 
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regulatory elements (e.g., the addition of promoter sequences to a DNA 
cistron). A further type of modification can be the generation of desired site 
direct mutations in a gene inclusive of sequence alterations, addition or 
deletions. Cycle – sequencing, a modification of the classical di-deoxy 
sequencing method pioneered by Fred Sanger (1981), who used the 
principles of PCR to perform sequence reactions in a thermal cycler. For 
PCR – directed diagnostics it is possible to work with crude samples and 
minute amount of material, which may include degraded templates, blood, 
sperm, tissue, individual hairs, etc. 
PCR involves combining DNA sample with oligonucleotide primers and 
dNTPs and thermal stable Taq polymerase in a suitable buffer then 
repetitively heating and cooling the mixture for several hours until the desire 
amount of a modification is achieved. However, for reaction where this 
condition described above do not produced the desired result, the following 
optimization will be held. Denaturing temperature and time; insufficient 
heating during denaturation is a common course of failure in PCR. Taq have 
half-life of 30 min at 95 C0 and that why should not be more than 30 cycles, 
but for template of 300 bp and 50% GC denaturing temperature and time can 
be reduced to (15 sec). In annealing temperature and primer design, the 
length of primer is critical for designing parameters of successful reaction. 
Tm increase with length and GC content, the formula for calculating the Tm 
is; 
Tm = 4(G+C) + 2(A+T) 
The optimal annealing temperature is about 50C below lowest Tm of the two 
primers. Increase Tm will increase specificity of amplification, minimize the 
incubation during the annealing and extension limit opportunities for mis- 
pairing. Reaction buffer, particularly MgCl2 have strong effect in the 
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specificity to Mg++, 1.5 is to be optimal to 0.2 µM dNTPs, and any increase 
in Mg will increase mis-incorperation or non specific reaction. 
Amplifications plateau is not infinite, after a certain number of cycles, the 
desire amplification stops accumulating and enter linear stationary phase. It 
depends on the starting number of DNA copies (Akane, 1994). 
The techniques of PCR or ELISA are not only beneficial for diagnosis of the 
parasite but may also be useful for Trypanosomosis control programmes 
(Chansiri et al., 2002). 
 
2.4 Clinical Sings: 
Trypanosomosis due to T. evansi is a chronic wasting disease characterized 
by intermittent fever (38.5 – 40)0C, anaemia, fluctuating parasitaemia, 
emaciation, weakness with pale  in the mucous membranes and dry coat 
(Syakalima, 1992). The animal stands with its head hanging forward. Its 
eyes turn dull and are closed with considerable amount of tears (Karram et 
al., 1991). 
In a study to investigate the behavior of T. evansi infection in different 
animal species, clinical signs that include, fever, loss of condition, anaemia, 
anaroxia, cachexia, ophthalmic lesions and  depression were all observed in 
experimentally infected rabbit in addition to respiratory symptoms and 
edematous, inflammation of the nose, eyes, ears and external genitalia 
(Scheidle, 1982).  However, another study reported the abortion at late 
pregnancy or early parturition caused by T. evansi in buffaloes in Thailand 
(Lohr et al., 1986). Similar findings such as reduction in milk yield, fever, 
anaemia, emaciation, anorexia, nervous signs, abortion and eventual death 
were also reported after T. evansi infection in buffaloes (Zelleke et al., 
1989).  Chronically infected animals may survive for 3-4  years; the disease 
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in this form is characterized by anemia, emaciation, recurrent fever, 
disappearance of the hump, atrophy of the thigh muscles, oedema of the 
dependent parts, corneal opacity, diarrhea and sexual excitement (Singh et 
al., 1994). 
The disease, however, generally takes chronic form and huge production 
losses occurs due to lower milk and meat yield in adults, abortion, pre 
mature births and inability to feed the young all greatly reduce reproductive 
potential in affected herds (Yagil, 1982). Observed anaemia, depression, 
dullness, impaired appetite, emaciation of hind quarters, reduction of hump 
size were all reported (Yadvendra et al., 1997). Nguyen and Pham (1997) 
studied the course of T. evansi infection in rabbits and recorded that the 
clinical sings appeared 8 – 15 days after infection and that the rabbits 
survived for 72 – 100 days, with intermittent light fever which was related to 
parasitaemia, blood volume and growth of infected rabbit was clearly 
affected.  The chronic form which is more common showed relapsing 
parasitaemia with or without pyrexia, emacation, oedema of the abdomen 
and legs, with abortion and death of some animals (Haroun et al., 2000). 
Dargantes and his colleagues (2005) in Philippines recorded that; 
parasitaemia fluctuated regularly between peaks and troughs, with repeated 
period of about 6 days during which no Trypanosomes were detected in the 
blood. Clinical signs and clinical pathology in infected goats were not 
pathogenomic in the absence of parasite in the blood, and leucocytosis was 
not a reliable indicator of infection. It was concluded that in endemic areas 
fluctuating fever, progressive emaciation, anaemia, coughing, testicular 
enlargement and diarrhea are the main clinical signs.                       
Monrales and his colleagues (2006) reported that, ocular lesions associated 
with Trypanosoma spp. infection have been described in man and many 
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animal species. However, loss of vision has not been demonstrated in 
humans presenting Chagas disease or in animals affected by different 
Trypanosome species. 
The aetiology of the anaemia in Trypanosomiasis has been the subject of 
numerous studies, Jennings (1976) speculated on the mechanisms by which 
erythrocytes are made more susceptible to phagocytosis. These include the 
attachment of Trypanosome antigen to red cells (Herbert and Englis, 1973), 
which may increase the cell susceptibility to erythrophagocytosis, which 
may be further increased by the union of surfaced adsorbed antigen with 
antibody (Kobayashi et al., 1976). Uilenberg, (1998) suggested that, 
Trypnosomes release toxic substances which may destroy and lyse the red 
blood cells. 
 
2.5. Clinico-pathological Changes:                                     
Negrwa and his colleagues (1991) assessed the effect of T. evansi infection 
on the fertility of male goats and recorded that the testes of infected animals 
showed reduced number of spermatozoa. The testicular blood vessels 
contained micro thrombi and there was infiltration of inflammatory cells and 
diffuse calcification. Calcium deposits were detected in seminiferous 
vesicles and epididymal ducts.  The level of IgM in both naturally and 
experimentally infected animals increased by as much as five times the pre 
infection. These values may remain high despite drug treatment. Post-
mortem findings are non specific. A known history and findings such as 
generalized muscular waste, pale and watery muscles, serous atrophy of fat, 
swollen lymph nodes, and presence of oedema and evidence of anaemia 
indicate infection (Schwartz, 1992). The disease of T. evansi in sheep 
produces a chronic form that characterized by low level of parasitaemia with 
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mild anaemia.  Histological changes were found to be fatty degeneration and 
hepatic necrosis, congestion in kidney as well as other lesions such as 
emphysema and pulmonary congestion (Onah et al., 1996; Auduo et al, 
1999). Level of immunoglobulin IgM is raised in infection of 
Trypanosomiasis (Liew, 1986).   
Traditional diagnostic observations include the distinctive smell of the urine 
and taste of the milk (for T. evansi in Camels), and swelling of the lymph 
nodes and unthriftness (Schillhorn, 1997).                  
Changes in blood parameters in T. evansi infected rats indicated leukocytosis 
and macrocytic hypochromic anaemia. Results obtained indicated that 
Trypanosomosis caused oxidative stress and induced antioxidant enzymes 
(Omer et al., 2007).           
In Canary Island (Spain), the main laboratory findings were regenerative 
anaemia (haemolytic anaemia), lymphocytic and monocytic leukocytosis, 
hyperproteinemia, hyperglobulinemia, hypoglycaemia, serum urea increased 
and serum iron decrease (Gutierrez et al., 2005). The course of T. evansi in 
rats was studied by Abbas (2005). The main clinical signs observed in 
infected rats were fever, pale mucous membranes, progressive emaciation. 
Body temperature of all infected animals increased soon after infection and 
there after oscillated a great deal.  Abbas (2005) observed histo-pathological 
changes in organs and tissues of T. evansi infected rats. Haemorrhages, 
congestion, degenerative changes, lymphocytic infiltrations were the main 
pathological changes encountered.                                                            
Mice infected with African Trypanosomes produced exceptionally large 
amounts of serum IgM (Buza et al., 1997). Lejon and his colleagues (1998) 
demonstrated in T. gambiense infection, the total concentrations of various 
Ig isotypes, in serum and cerebro-spinal fluid, a drastic increase in IgG, 
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basically IgG1, as well as in IgM levels was observed. The concentration of 
IgA remained relatively normal. The anti-trypanosomal antibodies detected 
in serum and cerebro-spinal fluid were mainly of the IgG (IgG1 and IgG3) 
and IgM isotypes. 
It has been shown experimentally, that sera from T. evansi infection from 
acutely infected mice and Camels with high parasitaemias, contained 
significant levels of Trypanosome tyrosine amino transferase activity. In 
contrast, the sera from chronically infected mice and Camels did not contain 
significant tyrosine amino transferase activity. Finally, these assays were 
used to distinguish between early (acute) and late (chronic) infection 
(Elsawalhy and Seed, 1998).  
 
2.6. Rational Chemotherapy: 
Control of Trypanosomosis may be attempted by many approaches including 
(a) chemotherapy and chemoprophylaxis (b) vector control (c) raizing 
trypano tolerant breads (d) livestock management.                           
The main drugs to combat African Trypanosomes are Suramin and 
Pentamidine for prophylaxis and early stage disease. In the last resort the 
highly toxic aromatic arsenical melarsoprol is used for late stage disease 
where the central nervous system is involved, as the other two drugs do not 
pass from the blood stream into the cerebro-spinal fluid. Suramin was one of 
the first widely accepted antiparasite drugs, and a naphthylaminesulphonic 
acid which concentrates within cytoplasmic vesicles of the parasite by 
endocytosis. This quite toxic drug can have dangerous effects on the kidneys 
of malnourished patients, as well as affecting the eyes, adrenal glands, skin 
and blood cells. In a few individuals, it will induce immediate vomiting, 
shock, seizure and even loss of consciousness. It must also be intravenously 
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injected, and so is unsuitable for large scale use in the field. Pentamidine is 
thought to interact with the parasite DNA; it persists for several months in 
the liver, spleen and kidneys, with toxic effects on the latter. The most 
frequent side effects are loss of blood pressure, tachycardia, breathlessness 
and vomiting (Bennett, 1933).                              
Treatment or prophylasxis for South American Trypanosome infections in 
‘Chagas’ disease is currently highly unsatisfactory. The two compounds 
mostly used are the nitrofuran derivative; Nifurtimox and the 2-nitroimidazol 
benznidazole, which are ineffective in chronic cases and only partially 
effective for the acute form. They also require long-term administration (30 
– 120 days) and frequently cause severe side effects, and so are quite 
unsuitable for mass treatment.  Nifurtimox appears to function by breakage 
down to give super–oxide anions and hydrogen peroxide which are toxic to 
the parasite (Bennett et al., 1988). Also used melarsomine and amelaminyl 
thioarsenite (Raynaud et al., 1989). Quinapyramin (Antrycide) was 
introduced in the early fifties after a series of field trials in Africa (Davey, 
1957).                                     
Berenil (Diminazine), although well tolerated by most domesticated species, 
severe toxic reactions can occur in Camel given 7mg/kg BW for treatment of 
T. evansi infection (Leach and Roberts 1981). The mechanism of resistance 
to diminazine is most likely diminished up take of the drug by the resistant 
Trypanosomes (Pergrine and Hamman, 1993).                
 
2.7. Economic Aspect:                                                                              
T. evansi caused one of the most serious and economically important 
diseases in domestic animals, in Africa, as about 50 million cattle and tens of 
millions of small ruminants are at risk of the disease. Direct losses in meat 
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production and milk yield and the cost of its control are estimated between 
600 million and   1-2 billion US$ each year (FAO, 1994).         
Trypanosomosis cost livestock producers and consumers an estimated 340 
million US$ per year in Africa with out including the indirect benefits such 
as manure and animal traction (Kristjanson et al., 1999).                                             
Tsetse-transmitted Trypanosomosis is a disease unique to Africa affecting 
both human and animals. The disease occurs in nearly 9 million km2 in 37 
sub-Saharan countries, corresponding approximately to one-third of Africans 
total land area, and threatens an estimated 50 million people and 48 million 
Cattle. In the Tsetse affected countries more than 170 million Cattle 
currently overcrowd the few Tsetse free areas. The Tse tse fly spreads 
sleeping sickness (Human African Trypanosomosis = HAT) among an 
estimated 500.000 people, the majority of whom will die for lack of 
treatment. Nagana (HAT) has a severe impact on African agriculture; 
estimated annual loses in cattle production alone is in the range of 1.0 – 1.2 
billion US$. Furthermore, in Tsetse infested areas of sub-Saharan; half of the 
human population suffers from food insecurity. Approximately 85 % of the 
poor are located in rural areas and more than 80 % of the population depends 
on agricultural production for their livelihood, (FAO, 2002). 
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CHAPTER THREE 
Materials and Methods 
 
3.1. Study area: 
El-Showak is a research station that belongs to the Camel Research Centre 
(CRC). It is a focal point for Camel pastoralists in Butana area.  Being a 
collection point, it becomes an important Camel market in the region. 
Butana is situated well within the arid zone of the Sudan and occupies an 
area of approximately 120000 km2 and lies between latitude 13o 4’ N to 170 
50’ N and longitude 320 to 360 E. Most of the Butana is series of flat easily 
flooded plains interspersed by few hills. The prevailing climate is warm in 
summer which extends most of the year (March-October) and includes the 
rainy season (June-September). The vegetation composeds of Aristida spp. 
(Gow) Cymbopongon nervatus (Nal); Acacia mellifera (Kitir); Calatropis 
procera (Usher); Capparis deciduas (Tunduub) and a variety of grasses 
(Abdalla, 1985). Normally the Camels and their owners move / migrate in 
search for water and grasses eastward to the Ethiopian borders, where the 
Tsetse flies Glossina fucipes is reported (Kheir et al., 1995). Figure (3.1) 
shows the Map of the El-Showak study area. 
El-Obied is the capital of Northern Kordofan. It is about 400 Km West of 
Khartoum. It is one of the largest animal wealth centers in the Sudan. 
Besides being a trade market it holds the various veterinary services that 
include the Regional Veterinary Laboratory (RVL) which is the research 
laboratory that serves disease surveillance, diagnosis and vaccine 
production. The region is dry with sandy soil and the Acacia spps. are the 
dominant trees. The nomads in the dry season (summer) migrate Southward 
in search of water and grasses and in the wet season (autumn) with the 
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muddy conditions and the flies they move northward. Therefore, in the hot 
season will be in the Tsetse area south of Bahr el Arab and thus will be 
subjected to the Tsetse bites (Abdalla, 1999). Figure (3.2) shows the Map of 
the El-Obied study area. 
                                                             
3.2. Study Subjects:                                                                   
The survey was conducted in camels owned by pastoralists. From the 
beginning they knew that their animals would be examined for diseases and 
that they would be treated without charges. So they readily cooperated. The 
local authorities had given full support and all possible facilities were 
accessible throughout the whole study.                             
 
3.3. Study design 
Since little information is available on the situation of Trypanosomiasis in 
Camels in Western Sudan, thus a Cross-sectional survey was performed to 
determine the prevalence of the disease and to provide baseline data. In 
additional to that, treatment of infected herds was performed and interviews 
with owners were carried out to gain insight in their socio-economic system 
and the problems they face under the prevailing conditions of drought and 
desertification. 
 
3.4 Sample Size: 
The Eastern and Western regions hold about 2/3 of the animal wealth in 
Sudan. Out of 3 million Camels in Sudan, there are about 2 million in these 
two areas. Consequently sample size was sufficient enough to cover large 
number. 
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A number of 500 Camels (Camelus dromedaries) from Eastern region (El-
Showak – Gedarif State) and 100 Camel from Western region (El-Obeid – 
North Kordofan State) were examined in this survey during the period 2005 
- 2007 for T.  evansi infection. Those camels were of different age and sex 
groups.  
 
3.5. Methods used: 
The tests used in this study were Wet Smear Film (WSF), Thin Smear Film 
(TSF), Buffy Coat (BC) in addition to Packed Cell Volume test (PCV), sero-
diagnostic CATT and Molecular diagnosis DNA amplification by 
Polymerase Chain Reaction (PCR). All these techniques were compared for 
their sensitivity. The number of samples tested by each method is shown in 
Table (4.1). 
 
3.5.1. Parasitological Technique:  
3.5.1.1. Wet Smear Film (WSF):                                                                        
This test was prepared by aseptic puncture of peripheral ear vein of Camel 
using sterile needle. Then a drop of blood was placed on a slide and it 
covered immediately with a large cover slip (22 x 22mm) scanned under 
light microscope (Olympus) using x10 objective and changed to the x40 
objective to examine suspicious structure e.g. motile organism in blood.                                  
  
3.5.1.2 Stained Thin Smear Film (TSF):                                                                                 
A drop of blood was placed about 1.5mm in diameter in the middle of the 
slide towards one end and was then spreaded to cover most of the slide, then 
allowed to dry. The dry film was fixed by placing the slide film up wards, 
and flooding it with absolute methanol with a Pasteur pipette. It was left for 
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30 sec at room temperature after that the slide was drained and setted up on 
edge in a rack to dry. The face of the slides to be stained was placed down-
wards on the staining tray. Then the space below the slides was filled with 
diluted stain (Geimsa 1%) and left overnight. Next day, the slides were 
picked off singly; the stain was flushed off quickly using distilled water and 
the slides were placed on rack to dry. Finally, the stained slides were 
examined using light microscope with the x100 objective lens using the oil- 
immersion (Figure 3.3). Another drop of whole blood was placed on 
Whattman (Number41) filter paper for DNA extraction. The blood spots 
were air dried, placed each in a sterile plastic bag, labeled with record 
(animal) number; date; location and stored at -20 Co until to be used.                                        
 
3.5.1.3. Buffy Coat (BC):                                                                                                          
A drop of blood from Camel ear vein was drawn in to heparinized capillary 
tube to about two thirds to its length and then was sealed with cristaceal. The 
collected tubes were then placed in a microhaematocrit centrifuge (Japan) 
and were centrifuged for 5 minutes at 15.000 rpm at room temperature to 
obtain the buffy coat. A drop of buffy coat was placed on microscopic glass 
slide and examined for motile parasites under a light microscope at x100.   
 
3.5.1.4. Packed Cell Volume (PCV):                                      
Fresh blood samples from ear vein of Camels were drawn into heparinized 
capillary tubes (70mm) long and centrifuged in a micro-hamatocrit 
centrifuge for 5 minutes. The PCV percent was read on the micro-
haematocrit reader. 
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3.5.2. Serological Technique:                                                      
3.5.2.1. Card Agglutination Test (CATT) for Trypansomiasis: 
In this test, blood was collected and serum was prepared as follows: After 
cleaning with 70 % ethanol, blood was taken from the jugular vein of each 
Camel using a sterile plain glass vacutainer with a tube holder and two-way 
needle (Henk-Sass, Germany). Ten ml of blood were then withdrawn in the 
vacutainer and each vacutainer tube was labeled with; date, location, sex and 
animal number.            
The tubes were then placed on a rack and kept in shade for at least one hour 
to allow for clotting of blood. There after the tubes were introduced in an ice 
and transferred to the laboratory at the Camel Research Centre, El-Showak 
(Gedariff State) / El-Obied (North Kordofan State), to be kept overnight at 
40 C. In the morning the blood samples were centrifuged at 1500 rpm for 10 
minutes at room temperature to separate serum. Each serum sample was 
collected in an eppendorf tube, using sterile pasteur pipette. Each of the 
latter tubes was labeled with; date, location, sex and animal number. Finally, 
all tubes were transferred to the laboratory at the Parasitology Department, 
Faculty of Veterinary Medicine, University of Khartoum under above 
condition, and stored at -200 C till to be used. Reagents and all accessory 
materials were obtained from the Institute of Tropical Medicine (Antwerp, 
Belgium).                            
A complete Kit for 250 screening test was used in this study. The reagents 
for the test were mixed as follows: A volume of 2.5 ml of CATT buffer was 
firstly added to a vial of freeze dried CATT antigen using sterile syringe. 
The vial was then shaken for a few seconds so as to obtain a homogeneous 
suspension (Figure 3.4). A volume of 0.5 ml of CATT buffer was also added 
to the vials of positive and negative controls using separate sterile syringe. 
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On a test area of the plastic test card, 25 µl of the non diluted serum was 
added to the well containing the homogenized CATT antigen (45 µl). The 
card was rocked manually so as to impart the reaction mixture. This was 
performed in a constant circulator movement by slowly tilting the card, in 
the same direction, from left-back to right-forth. After 5minutes rotation, the 
results were taken while tiling the card gently (Figures 3.4a and 3.4b). The 
agglutination was observed and the degree of agglutination was determined 
as follows: 
1-Very strong agglutination (+++) 
2- Strong agglutination   (++) 
3- Moderate agglutination (+)  
4- Weak agglutination (±) 
5- Absence of agglutination (-) 
 
3.5.3. Experimental Infection of Rat:                                  
This step was performed in order to obtain a positive control for the PCR 
analysis. T. evansi was isolated from a naturally infected Camel at El-
Showak (Gedariff State). Infected blood was inoculated intraperitoneally 
(IP) into each of 3 rats and transported to the Camel Research Centre, 
Faculty of Veterinary Medicine, University of Khartoum. The rats were 
examined daily. When the rats became parasitaemic three days post 
infection, blood films were taken from them, stained by Giemsa's stain 
before they were examined under the light microscope.  
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3.5.4. Molecular Technique:  
3.5.4.0. Polymerase Chain Reaction (PCR):    
 
3.5.4.1. Isolation of Trypanosome DNA by Chelex-100 from Rat and 
Camel blood: 
DNA isolation by Chelex-100 was performed with a modification of the 
methods described by Walsh and co-workers (1991) and Wooden and his 
colleagues (1993). A volume of 10 µl aliquot of the frozen (Camel / Rat) 
blood was added to 1ml of 0.15 % Saponin (Sigma, USA) in phosphate-
buffered saline (PBS pH 7.2) in a 1.5 ml microcentrifuge tube for removal of 
red blood cells, and was incubated 10 min on ice. The parasites were 
collected by centrifugation at 10000 rpm and room temperature for 1 min 
and were then washed once with cold PBS. The resultant cells pellet was 
added to 200 µl of 5 % Chelex-100 (Bio- Rad, USA) in distilled water, 
incubated at 560C for 15 min, and subjected to boiling water for 8 min. The 
Chelex was removed by centrifugation at 10000 rpm at room temperature for 
1 min, and the supernatant was saved in a fresh tube. A volume of 2 µl 
aliquot of the supernatant was used for PCR amplification. For dried blood 
samples from Rats and Camels, a small piece (about 5 mm2) of filter paper 
with a 10 µl blood spot was initially soaked in 0.15 % Saponin in PBS and 
processed as described above. 
 
3.5.4.2.   PCR amplification:   
3.5.4.2.1. PCR reagents: 
3.5.4.2.1.1. Oligo nucleotides (Primers): 
Oligonucleotides primers used in this study have the sequences illustrated in 
Table (3.1). They were prepared as described previously (Ali, 2003) then 
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the stock solution was made to concentration of 100 µM. The aliquots were 
diluted to 0.198 µM using sterile water and stored at -200 C.        
 
3.5.4.2.1.2. Taq polymerase:  
This was supplied as 5 U/µl stock solution (Institutes of Endemic Diseases, 
U of K) and stored at -200C. 
 
3.5.4.2.2. PCR protocol:  
PCR reagents were added into a sterile 0.5 ml microfuge tubes. A 25µl final 
total volume contained the following:  
2.5 µl     PCR buffer                                                                                                     
1.2 µl      MgCl2                                                                                                               
1.0 µl      dNTPs                                                                                                         
1.5 µl       Primer TBS-01                                                                                                
1.5 µl        Primer TBS-02                                                                                               
1.0 µl       Taq polymerase                                                                                        
10.3 µl        Sterile distilled water                                                                                   
 6.0 µl          DNA 
 
DNA extracted from experimentally infected Rat blood (originally from 
Eastern sample (E20) was used as positive control. No DNA was added to 
the negative control. 
3.5.4.2.3. Agarose electrophoresis: 
3.5.4.2.3.1. Reagents: 
3.5.4.2.3.1.1. Tris-Borate-EDTA (TBE) buffer: 
This was prepared as described by Ali (1998) as10X stock solution 
54.09 g      Tris HCL 
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27.59 g      Boric acid 
20.0 ml      0.5 M EDTA 
The solution pH was adjusted to 8.0 and was stored at room temperature. 
 
3.5.4.2.3.1.2. Loading dye buffer: 
This was prepared as described previously (Ali, 1998; Ali, 2003; Ali et al., 
2003) and stored at 40C. 
 
3.5.4.2.3.1.3. Ethidium bromide: 
A fluorescent dye used for staining nucleic acids. This was prepared as 
described previously (Ali, 1998) as 10 mg/ml stock solution and stored in 
light-protected container at room temperature. 
 
3.5.4.2.3.1.4. DNA Ladder (Hyper Ladder IV):  
This was supplied in a ready –to- load format as 500 ng/5 µl and was used as 
recommended by the manufacturer (BIOLINE, UK). 
 
3.5.4.2.3.1.5. 1.5% Agarose gel: 
1.5 g       Agarose 
100 ml    1x TBE 
The solution was dissolved by boiling 3min at 700C in a microwave oven. 
Left to cool down at room temperature while stirring. Then the solution was 
poured in a gel device, the appropriate comb was placed to one side about 7 
mm from the border of the gel and left to solidify at room temperature. The 
wells appeared after removal of the comb. The gel was placed in a chamber 
with 1x TBE running buffer. The slots (wells) were placed at the electrode 
that has the negative current.  
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3.5.4.2.4. Visualizing the agarose gel: 
The Gel documentation system was used to visualize the ethidium bromide- 
stained gel. 
3.5.4.2.5. PCR procedure: 
The microfuge tubes were then placed in the PCR machine. The reactions 
were cycled in a programmable heating block (Mj RESEARCH, PT-200, 
USA), incubated at 940C for 3 min in an initial denaturing step and were 
subjected to 35 cycles. These cycles involved denaturation at 940C for 1 
min, annealing at 580C for 1 min, and final extension at 720C for 1 min. the 
final extension reaction was increased to 7 min to ensure maximal full-
length product (Ali, 2003). After the completion of the cycles, the tubes 
were briefly centrifuged at low speed and stored at 40C or analyzed 
immediately. 
Following PCR, 1/5 µl of the total reaction volume of loading dye (5µl) 
were added to each reaction tube and 6 µl of which were electrophoretically 
separated on 1.5 % agarose gel in TBE buffer. 
The gel was run for 40 Min in 1xTBE at 110 volts. The gel was then stained 
by automated agitation for 20-30 min in aqueous solution containing 3 µl of 
stock solution of ethidium bromide to visualize the DNA. The gel was 
examined and photographed using a gel documentation device. The PCR 
fragments sizes were estimated from their distance of migration relative to 
the marker size.  
 
3.5.5. Questionnaire: 
Interviews with owners were carried out to gain insight in their socio-
economic system and the problems they face under the prevailing conditions 
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of drought and desertification. For this purpose a questionnaire form was 
made for each camel to be included in the survey. Information such as date – 
study area – record number – owner’s tribe – movement pattern – diseases – 
diagnosis – treatment – vaccination – problems, were all contained in the 
form as shown in Figure (3.5). 
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Figure (3.1): Map of El-Showak study area. 
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Figure (3:2): Map of El-Obied study area 
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Figure (3.3): The Geimsa stained smear of Rat blood infected with T. 
evansi.  
 
 
 
 
The extracellular haemoflagellate Trypanosome is clearly seen with nucleus 
and the free flagellum.  
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Figure (3.4a): Agglutination activities of blood samples of Camels from 
Kordofan area. 
 
 
 
 
 
 
Sera of samples collected from Al-Obeid area were mixed with CATT 
reagent. The agglutination degree is clear. Samples 5, 6, 8, and 9 gave very 
strong agglutination i.e. highly positive. 
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Figure (3.4b): Agglutination activities of blood samples of Camels from 
Gedariff area. 
 
 
 
 
 
 
Sera of samples collected from El-Showak area were mixed with CATT 
reagent. The agglutination degree is clear. Samples 5, 6, 7, and 8 gave very 
strong agglutination i.e. highly positive. 
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Table (3.1): Sequences of the oligonucleotides primers used for detection 
of T. evansi in camels blood samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source Length Sequence Primer's 
Name 
MWG-
Biotech AG 
(Germany) 
26 5'-CGAATGAATAATAAACAATGCGCAGT-3' TBS-01 
MWG-
Biotech AG 
(Germany) 
24 '5-AGAAGGATTTATTAGCTTTGTTGC-3'  TBS-02 
 43
 
QUESTIONNAIR 
 
 
Date:   Record No:  Study Area:   
Village:                     Owner’s Tribe:             Animal sex: M/F    
Migration: Seasonal (     ) – Continuous (    ) – Settled        (     ) 
Movement Pattern: North (   ) – South (   ) – West (   )  
Diseases: 
1. Trypanosomiasis: (   ) 
1.1. Signs: Emaciation (  ) Diarrhoea (  ) Fever (  ) Paleness in Mucous membranes (  ) 
Dullness (  ) Hanging head (  ) Urine Odour (  )  
1.2. Diagnosis: 
Test Result 
Wet Smear Film (WSF)  
Thin Smear Film (TSF)  
Packed Cell Volume (PCV)  
Buffy Coat  
Card Agglutination Test (CATT)  
Polymerase Chain Reaction (PCR)  
 
1.3. Treatment: Quinapyramine sulphate (  ) – Diamenazine-aceturate (Brenil) (   ) 
2. Others Diseases: 
Disease Prevalence Treatment 
Internal Parasites (   ) Diffuse (  ) – Sporadic (  )  
Mange (   ) Diffuse (  ) – Sporadic (  )  
Ticks (   ) Diffuse (  ) – Sporadic (  )  
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3. Other Animal Grazing with Camel: Sheep (   ) – Goats (   ) – Cows (   )None (   ) 
4. Veterinary Services: Government (   )–Private (   )–Traditional statement (   ) 
5. Types of these services: Excellent (   ) – Good (   ) – Fair (   ) 
6. Vaccination: Camel pox (   ) – PPR (   ) – Anthrax (   ) 
7. Main Problems facing Camel breeding: 
(1). Lack of Settled herds (Camp)    (     ) 
(2). Confiscation of grazing lands    (     ) 
(3). Lack of water resources     (     ) 
(4). Lack of health care     (     ) 
(5). Taxes and decree      (     ) 
(6). Lack of grazing route     (     ) 
(7). Ticks habitants      (     ) 
(8). Firm regulation obstacles movement   (     ) 
8. Best Solution for these problems: 
(1). Provision of veterinary services    (     ) 
(2). Reduction of Taxes and local decree   (     ) 
(3). Increasing and widen grazing route   (     ) 
(4). Increasing number of water resources   (     ) 
(5). Increasing settled herds camp    (     ) 
(6). Ticks and pest control     (     ) 
(7). Good regulations to facilitate movement process (     ) 
 
 
Figure (3.5): The questionnaire used to perform the socio-economic 
study. 
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CHAPTER FOUR 
RESULTS 
 
4.1. Prevalence of T.evansi in Camels: 
A total of 600 camels at El-showak and El-Obeid were screened for T. evani 
infection using wet smear film (WSF), thin smear film (TSF), Buffy coat 
(BC), card agglutination test (CATT) and Polymerase Chain Reaction 
(PCR). Table (4.1) shows the number and percentage of Camels naturally 
infected with T. evansi using five different diagnostic methods. The 
prevalence of T. evansi infection in camels was found to be as follows: Out 
of 600 tested camels; 10(1.7%), 22(3.7%), 36(6%), were found positive 
using wet smear film (WSF), Buffy coat (BC) and thin smear film (TSF); 
respectively. Out of 210 camels tested 100 (47.6%) were found positive 
using CATT. Among 40 camels tested by PCR 36(90%) were found 
positive. These results were shown in Table (4.1). All samples found 
positive by parasitological methods were positive as well by PCR, unlike the 
CATT method when used for the same samples. Therefore, PCR (90%) was 
the more specific and sensitive method of the all methods used during this 
study. In other words, parasitological techniques frequently used for 
diagnosis of T. evansi infections had low sensitivity. The polymerase chain 
reactions (PCR) were positive in all CATT positive samples. The serological 
tests identified the animals with sub-patent infections which could not be 
detected by parasitological methods. Moreover, its specificity is high 
(83.3%) as 30 out of 36 of blood samples from animals with parasitological 
confirmed infections were positive by CATT. This finding confirms the 
usage of CATT instead of parasitological methods for more reliable result.  
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Table (4.2) shows the sex composition of the animals tested in this study; 
450(75%) were female and 150(25%) were male. Table (4.3) shows the age 
groups of camels examined in this study. All samples were divided into 3 
age group; One group comprise animals with age less than 2 years that 
represents 100(16.7%), Second group comprise animals with age group 
more than 2 years and less than 10 years that represents 300(50%); Third 
group comprise animals with age group more than 10 years that represents 
200(33.3%). 
 
4.2. Result of experimental infection of rats with T. evansi: 
The result showed that all the rats experimentally infected with T. evansi 
were positive or refractory for infection. However, these rats died 10-13 
days post-infection. Figure (3.3) shows the Geimsa stained smear of rat 
blood infected with T. evansi. The extracellular haemoflagellate 
Trypanosome is clearly seen with nucleus, undulating membrane and 
flagellum.  
 
4.3. Result of the Packed Cell Volume (PCV) for the surveyed Camels: 
All the camels examined had PCV above 20%. 50% of the camels examined 
had a PCV value that lies between 35 and 40. The results were shown in 
Table (4.4). 
 
4.4. Result of the Card Agglutination Test (CATT) for the surveyed 
Camels: 
CATT technique was used to screen 210 camels. The obtained results were 
categorized into five groups according to the agglutination degree. Figures 
(3.4a-b) shows one of the plastic test cards used in this study.  The card 
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contains 10 locations (circle) where sample was mixed with the CATT 
reagent, manually rotated and the agglutination was read. Table (4.5) shows 
the result of the agglutination degree. Eight (3.8%) of the tested samples 
produced very strong agglutination i.e. highly positive.  Nine (4.3%) of the 
tested samples produced strong agglutination. Fourty (19%) of the tested 
samples produced moderate agglutination. A number of 43 (20.5%) of the 
tested samples produced weak agglutination, while a number of 110 (52.4%) 
of the tested samples didn’t produce agglutination.  
 
4.5. Result of the Polymerase Chain Reaction (PCR) for surveyed 
Camels: 
 A 200 bp DNA fragment was amplified by PCR from DNA extracted from 
suspected samples collected from both Eastern and Western regions. TB-01 
(Forward) and TB-02 (Reverse) set of Oligonucleotides primers were used 
in this PCR analysis and their sequence were listed in Table (3.1). These 
primers are designed based on the T. brucei sequence which corresponds to 
conserved regions of T. brucei and T. evansi genome. A DNA fragment of 
200.bp was detected on agarose gel electrophoresis as shown in Figure 
(4.4a). Annealing temperature was 580C for 35 cycles. All samples were 
analyzed and electrophoresed on 1.5 % TBE agarose gel and visualized with 
10 mg/ml ethidium bromide under the UV light. Samples collected from 
Eastern region (E13-E28-E29-E30-E31) were loaded on lanes (1-3-4-5-6) 
respectively. While samples collected from Western region (W49-W39-
W43-W50) were analyzed and loaded on lanes (2-7-8-9) respectively. DNA 
extracted from experimentally infected Rat blood (originally from Eastern 
sample E20) was used as positive control and was loaded on lane (10). PCR 
reaction was set without DNA to serve as negative control and was loaded 
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on lane 12. Lane (11) was DNA marker Hyper Ladder IV (BIOLINE, UK). 
Same conditions were used in Figure (4.4b). Samples collected from 
Eastern region (E15-E16-E18-E19-E21-E26) were loaded on Lanes (1-6). 
While samples collected from Western region (W41-W42-W40-W47) were 
loaded on Lanes (7-10).  
4.6. Result of Questionnaire: 
El-Showak and EL-Obied are the two localities where the surveys were 
carried out. In respect to the type of migration of the studied animals, the 
condition and situation of herd, 400 (66.7%) Camels were found to have 
seasonal type of migration; 100 (16.65%) Camels had continuous migration 
and 100 (16.65%)  Camels were settled herd. These results were shown in 
Figure (4.5). Moreover the direction of movement is shown in Figure (4.6). 
Three types exist North, South and West; with the percentages of 66.7%, 
16.65% and 16.65%; respectively. 
The most prominent signs of Trypanosomiasis recognized by camel owners 
were shown in Figure (4.7) as emaciation (66.7%), Diarrhea (16.7%), Fever 
(16.7%), stretched neck (83.3%), paleness in mucous membrane (16.7%), 
dullness (83.3%) and characteristic urine odour (83.3%). 
The drugs given to treat Camel Trypanosomiasis were shown in Figure 
(4.8).  Two drugs were used; Quinapyramine Sulphate with a percentage of 
66.7%, and Diaminazine-Aceturate (Brenil) with a percentage of 33.3 %. 
Other diseases considered as a problem as stated by the owners’s was the 
internal parasites. The prevalence of the internal parasites infection was as 
follows: diffuse type represents 33.3 %, while sporadic pattern of infection 
represents 66.7 %. The treatment used was of three types: Albendazole with 
a percentage of 50 %, Tetramizole with a percentage of 33.3 %, and 
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Ivermectin with a percentage of 16.7%. The second one was Mange, the 
prevalence was as follows: diffuse type with a percentage of 8 %, and 
sporadic pattern with a percentage of 92 %. Treatment used was Mang-zal 
with a percentage of 66.7% and Ivermectin with a percentage of 33.3 %. The 
third one was an important disease in Sudan, namely Ticks infection, the 
prevalence of which was as follows: diffuse type with a percentage of 
83.3%, and sporadic pattern with a percentage of 16.7%. Treatment used 
was Gamma tox with a percentage of 33.3%, Cypermethrine with a 
percentage of 50 %, and   Ivermectin with a percentage of 16.6 %. 
Other animals grazing with Camels according to the owners' were shown in 
Table (4.6) and Figure (4.9). A percentage of 25% of the surveyed camels 
were found to graze with Sheep. Low numbers of camels were found to 
graze with Goat and Cows, with percentages of 5%, 3.3%; respectively. 
However, high number of camels was found to graze alone with a 
percentage of 66.7%.  
 According to the owners', there are different types of Veterinary services 
available for them. Table (4.7) and Figure (4.10) shows these services. 
Where, the private type of services represents the majority with a percentage 
of 66.7%. While the Governmental and traditional types contributed equally 
with a percentage each of 16.65%. These services are of 3 levels as stated by 
the owners'. Table (4.8) and Figure (4.11) shows these results, 83.3 % were 
fair, while 16.7 % were good. 
The type of animal vaccination exist is the triplet one. In which, Camel Pox, 
PPR, and Anthrax vaccinations were used. The vaccinated animals were 
found to be 200 with a percentage of 33.3%. Figure (4.12) shows these 
results. 
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Main problems facing Camel breeding are illustrated in Figure (4.13). Lack 
of settled herds (camp), lack of health care and confiscation of grazing lands 
represents problem in 75 % of all the surveyed herds. Lack of water 
resources and Taxes and decree considered as a problem and affected animal 
breeding with a percentage of 83.3% as stated by the owners'. Others 
problem facing camel breeding included firm regulation obstacles 
movement, lack of grazing route and Ticks habitants that represent problem 
in all of the surveyed herds.  
The best solutions for these problems that facing Camel breeding according 
to the owners' opinions was shown in Figure (4.14). All owners suggested 
that the Reduction of taxes and local decree as an excellent solution.  
Increasing number of water resources, Ticks and Pest Control and Good 
regulations to facilitate movement process were suggested as solutions by 
83.3% of the owners'. Increasing and widen grazing route and Provision of 
Veterinary Services were suggested as solutions by 75% of the owners'.  
However, 50% of the owners’ suggested that increasing settled herd camp as 
a best solution. 
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Table (4.1): T. evansi infection rates among camels examined by 
parasitological, serological and molecular techniques. 
 
Test Used 
Number of 
Camels 
examined 
Number of 
infected 
Camel 
Percentage 
(%) 
1. Wet Smear Film (WSF) 600 10 1.7 
2. Buffy Coat (BC) 600 22 3.7 
3. Thin Smear Film (TSF) 600 36 6 
4. CATT 210 100 47.6 
5. PCR 40 36 90 
 
 
Figure (4.1): T. evansi infection rates among camels examined by 
parasitological, serological and molecular techniques. 
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Table (4.2): The sex composition of the camels selected for this study. 
 
 
Sex Number of camels Percentage (%) 
Male 150 25 
Female 450 75 
Total 600 100 
 
 
 
 
 
Table (4.3): The age group of the camels selected for this study. 
 
 
Age Group Number of camels Percentage (%) 
0 - 2 years 100 16.7 
2 - 10 years 300 50 
≥ 10 years 200 33.3 
Total 600 100 
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Table (4.4): The PCV values of the camels selected for this study. 
 
 
PCV Value Number of Camels Percentage (%) 
20 -25 100 16.7 
25 - 30 100 16.7 
30 - 35 100 16.6 
35 - 40 300 50 
Total 600 100 
  
 
 
Figure (4.2): The PCV values of the camels selected for this study. 
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Table (4.5): The intensity of the agglutination activity of studied camel 
blood samples using CATT. 
 
Agglutination Degree Number of Sample Percentage (%) 
+ + + 8 3.8 
+ + 9 4.3 
+ 40 19.0 
± 43 20.5 
_ 110 52.4 
Total 210 100 
 
 
Figure (4.3): The intensity of the agglutination activity of studied camel 
blood samples using CATT. 
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Figure (4.4a): PCR analysis of some of the suspected samples 
 
        
 
 
PCR amplified fragment of 200 bp resulted from samples collected from Al-
Showak region (E13-E28-E29-E30-E31) were loaded on lanes (1-3-4-5-6) 
respectively. Samples collected from Al-Obeid region (W49-W39-W43-
W50-positive control- DNA marker- negative control) were loaded on lanes 
(2-7-8-9-10-11-12) respectively.  
 
 
 
100 bp 
400 bp 
300 bp 
200 bp 
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Figure (4.4b): PCR analysis of some of the suspected samples 
 
            
 
 
PCR amplified fragment of 200 bp resulted from samples collected from Al-
Showak region (E15-E16-E18-E19-E21-E26) were loaded on Lanes (1-6). 
Samples collected from Al-Obeid region (W41-W42-W40-W47) were 
loaded on Lanes (7-10). Positive control and negative control were loaded 
on lanes (11-12), respectively.  
200 bp 
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Figure (4.5): Migration pattern of the studied camels throughout the 
year. 
 
 
 
 
66%
17%
17%
 
 
   Seasonal 
Continuous 
 Setteled 
 58
Figure (4.6): Movement pattern of the studied camels throughout the 
year. 
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Figure (4.7): Signs of Trypanosomiasis observed by camel owners. 
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Figure (4.8): Trypanocidals used by camel owners.    
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Table (4.6): Types of Animals Grazing with Camels in the study areas. 
 
Type of Animal Number of Animals Percentage (%) 
Sheep 150 25 
Goat 30 5 
Cows 20 3.3 
None 400 66.7 
Total 600 100 
 
 
 
 
 
 
Figure (4.9): Types of Animals Grazing with Camels in the study areas. 
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Table (4.7): Types of Veterinary Services Available. 
 
 
Type of Veterinary Services Owners' Statement Percentage (%) 
Governmental 100 16.65 
Traditional 100 16.65 
Private 400 66.7 
Total 600 100 
 
 
Figure (4.10): Types of Veterinary Services Available. 
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Table (4.8): Level of Veterinary Services Available. 
  
Level of Veterinary Services Owners' Statement Percentage (%) 
Excellent 0 00.00 
Good 100 16.7 
Fair 400 83.3 
Total 600 100 
 
 
 
Figure (4.11): Level of Veterinary Services Available. 
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Figure (4.12): Practice of Vaccination. 
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Figure (4.13): Main Problems facing Camel Breeding                              
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Figure (4.14): Solutions for Problems Facing Camel Breeding 
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CHAPTER FIVE 
DISCUSSION 
 
Camel Trypanosomiasis is regarded as a major constrain for Camel health 
and productivity in all camel rearing areas of the World (Gibson, 1983; 
Diall, 1993; Elsaid, 1993; Dia, 1997; Atarhouch, 2003). Diagnostic testing is 
the key for effective control of T. evansi. Screening at the herd level it 
measures the frequency of disease within the population; at the individual 
level it can be used to target animals for treatment. Diagnosis was based on 
traditional parasitological methods or clinical signs of disease that have a 
low diagnostic sensitivity, or are not pathogenomic for T. evansi (Monzon et 
al., 1990; Nantulya, 1990; Luckin, 1992).  
The results obtained during this study using parasitological techniques, 
showed T. evansi prevalence rate as follows: 1.7%, 3.7%, 6% were positive 
using Wet Smear Film (WSF), Buffy Coat (BC) and stained Thin Smear 
Film (TSF) respectively. This result is similar to the finding reported by El-
Amin and co-workers (1998) in Butana using the same diagnostic 
techniques. They detected T. evansi in Camels at a rate of 1.8 to 7.3%. it is 
evident that parasitological techniques used for T. evansi diagnosis in this 
study had low sensitivity. 
In spite of the fact that the survey was conducted at different seasons of the 
year on the two study areas, the prevalence of Camel Trypanosomiasis in 
Eastern and Western Sudan was found to be similar and no significant 
difference was reported. This can be attributed to several positive and 
negative factors firstly: establishment of surrounded circumstances, lack of 
health care, and lack of veterinary services; secondly: Drug resistance may 
arise as a result of absence of diagnostic measures and the ethno-
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veterinarians, such as sub-dosing, high Trypanosomiasis challenges, faulty 
administration of drugs and efficacy of the available drugs. Thirdly: The 
seasonal migration of Camel deep Southwards for water and grass in area of 
high Savannah relatively high challenge biting flies such as Tabanidae and 
Stomoxyinae. Herds are always driven in all seasons during drought in 
search of water and grazing higher up in the Ethiopian plateau at the 
Sudanese-Ethiopian borders. In this movement they brought in close contact 
with the Tsetse fly belt. 
In the serological survey 210 Camels were tested, and 47.6% were found 
positive using CATT methods. This result is in agreement with that obtained 
by Njiru and his colleagues (2004) in Kenya, using CATT technique in a 
total of 549 Camels which randomly sampled. They found that the over all 
prevalence of “Surra” was positive 5.3% using MHCT, 26.6% using PCR 
and 45.9% using CATT/T. evansi. An other study conducted by EL Said and 
co-workers (1998) in Sudanese Camel exported to Egypt using CATT 
technique showed that  28% of the Camels were positive for T. evansi. 
Gutierre (2004), reported that CATT/T. evansi was adequate for assessing 
infection of Goats by T. evansi.  In conclusion, and according to the result 
obtained by CATT in this study, the percentage means that the CATT was 
both sensitive and reliable for the diagnosis of Camel Trypanosomosis with 
chronic and latent T. evansi infection. However, this could be to some extent 
since it has some limitations, for example the results reading may vary from 
one person to another, particularly when the parasitemia is low. 
When using molecular method (PCR) in this study 40 Camels were tested 
from parasitologically and serologically positive samples and 90% of them 
were found to be positive. PCR has been used in detection of infection with 
T. evansi in buffaloes (Omanwar, 1999; Holand, 2000), horses (Clausen, 
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2003) and in Camels (Masiga and Nyang'ao, 2001). There was no 
comprehensive data on the use of PCR for detection of infection in Sudanese 
breed of dromedary Camels (Camelus dromedarius) (Hunter, 1986; Aradaib 
and Magid, 2006). 
Clausen and his colleagues (1998) in a study they compared the sensitivity 
and specificity of the Polymerase Chain Reaction (PCR) with other test 
methods; namely, (HAT) and (MAECT) for diagnosis of Trypanosoma 
infections in Live stock (cattle). The preliminary results from their study 
demonstrated that the detection rate of PCR was about X2 higher. In another 
study to detect T. evansi in Camels using PCR and CATT/T.evansi in 
Kenya. The result obtained showed that PCR was more sensitive in detecting 
T. evansi than the other serological and parasitological test (Njiru et al., 
2004). 
During this study when using the Polymerase Chain Reaction (PCR) all 
samples those were found positive by parasitological methods were positive 
as well by PCR, unlike the CATT method when used for the same samples. 
Therefore, PCR (90%) was the more specific and sensitive method of the all 
methods those were used during this study. 
As an alternative to parasitological tests, DNA detection based on PCR has 
been proposed. Trypanozoon specific primers have been designed 
previously: TBR primers which target a 177 bp repeat (Moser, 1989). The 
development of a PCR test that would be able to differentiate between the 
different members of the Trypanozoon subgenus still remains a challenging 
issue. For T. evansi infections, the only specific test available so far is based 
o the detection of a kinetoplast DNA sequences (Masiga, 1990; Artama, 
1992).  
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The samples which were used in this study were selected randomly. In spite 
of that a ratio of 3: 1; female: male was observed, in other words, a female 
Camel was three times more likely to be studied for diagnosed T. evansi 
compare to a male. This ratio is in consistent with the normal sex 
distribution of Camel in a herd. 
The result of PCV shows that all the surveyed camels have normal values 
that mean almost all camels have good health condition. This observation 
suggests that the T. evansi infection that detected by the different diagnostic 
methods is chronic. 
This study shows that the majority migrations of owners and their animals 
are seasonally to all directions. The reasons for that could be lack of water 
and grazing, and existence of Acarina and Insecta in certain season and area. 
Most of tribes studied were in the south region where the circumstances 
around them represent the main reason for migration into the north or west. 
While, the northern tribes tend to migrate to the south and vise versa. 
Moreover, the majority of herd was in age of production, however, the 
infection was observed to be distributed in age of more than ten and les than 
two years for the surveyed animals. This result suggests that the young and 
old animals have equal chance to be infected or in other words, are more 
susceptible to infection of T. evansi.  
In this survey, and in the absence of other diagnostic technique, the Camel 
owner and ethno-veterinarians rely on the smell of urine for diagnosis of T. 
evansi infections. This practice is based on the fact that specific urine smell 
is produced after break down of amino acids by the parasite in infected 
animals (Hunter, 1986). 
During this study, the majority of the owners recognized T. evansi infection 
through sings of stretching of neck, dullness and urine odour, while few of 
 71
them observed other sings of Trypanosomiasis in addition to the signs 
mentioned above. 
The only method applied in the control of camel Trypanosomiasis is the use 
of chemotherapeutic and chemoprophylactic agents (Biod et al., 1986). Such 
control was generally dependent upon the salt of three compounds: Suramin 
[a sulpho naphthylamin] (Bennett, 1933); Quinapyramine [a quinoline 
pyramidine] (Curd and Davey, 1949) and Melarsomine [a melaminyl thio 
arenite] (Raynoud et al., 1989). In this study the common drugs used by the 
owners were only, Quinapuramine and Dimenazine Aceturate (Brenil). The 
usage of the latter is well documented. Diminazine aceturate is rapidly 
excreted from the body (Bauer, 1958). For this reason it was previously 
believed that the drug does not promote the development of resistant 
Trypanosomiasis even if sub- therapeutic doses were used (Leach and 
Roberts, 1981). Quinapyramine (Antrycide) was introduced in the early 
fifties after a series of field trails in Africa (Davey, 1957). 
Since it is unlikely that new trypanocides might be developed for Camel 
Trypanosomiasis in the near future, it is important that the efficacy of the 
currently available compounds is maintained for as long as possible. Thus, 
the development of resistance to these compounds should be monitored (Gill 
and Malhotra, 1971; Boid et al.,1989; Osman et al.,  1992; Zhang et al., 
1992). 
In this study, the owners depend on two drugs, for along time this may lead 
to drugs resistance. In the field, the existence of drug resistant 
Trypanosomes can be inferred when Trypanosomes reappear in an animal 
blood following treatment. However, such inference may be compromised if 
animals are re-infected following treatment. At present, definitive diagnosis 
of drug-resistant infections depends on characterizing the Trypanosomes 
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populations in the laboratory. For such purposes, both in vitro systems 
(Sutherland et al., 1993; Zhang et al., 1991; Zhang et al., 1993) and in vivo 
systems (Osman et al., 1992; Zhang et al., 1992; Zhang et al., 1993) can be 
used. 
In this study some diseases were reported to be endemic with 
Trypanosomiasis. These were internal parasites like Haemoncus contortus 
and Hydatidiosis (Abufishaifish) especially in Western Sudan. However, 
their prevalence was beyond the scope of this study. 
Several animals’ species were grazing with Camels including; sheep; goat 
and cattle. This may be a constant threat to Camels and other animals 
especially when they are grazing with another group of animals on their 
movement. In other words, these grazing animals could serve as a reservoir 
for T. evansi or could acquire infection from Camels and transfer it to other 
animals. This suggestion is in consistent with that reported earlier by 
Mahmoud and El Malik (1977), when they stated that as long as biting flies 
of Tabanids and Stomoxyins are abundant, one expects those goats, and 
sheep's harboring T. evansi; would constitute foci of infection (reservoir). 
Moreover, Boid and co-workers (1981) reported that, the existence of 
antibodies against T. evansi in sheep and goats pointed to their role as 
reservoirs for the disease. 
The respondents answers showed the existence of several problems facing 
the owner as indicated in the questionnaire and they were considered as 
obstacles to the development of animal resource in Sudan especially Camel 
breeding. The expansion of the mechanized tainted farming projects at the 
expense of the pastures and the grazing land. Also the heavy taxes are all 
serious problems. Heavy ticks infestation that affects domesticated mammals 
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also there were tick born disease that their healthy and economic effect 
appears to man and his domestic animals.  
The competition over land for grazing and farming creates conflicts between 
farmers and pastoralists and it is becoming a major cause of civil unrest.  
For the livestock in the Sudan there are, 80% of the national herd at risk of 
Trypanosomiasis. African animal Trypanosomosis affects the entire 
economy of livestock-agricultural production in vast zones of Tsetse-
infested areas. The presence of the disease influences the sites for settlement 
of communities. Trypanosomosis has, therefore, cultural and socio-
economic implications on the day-to-day life of the rural communities living 
in affected areas. 
As a conclusion, the Polymerase Chain Reaction (PCR) technique is the best 
method to detect early stages of T. evansi in naturally infected camels. Since 
it is proved from this study it has high specificity and sensitivity compared 
to other methods. Moreover, it can be used in the field condition and the 
whole test can be carried out in one day.  
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RECOMMENDATIONS OF THE STUDY 
 
This study recommends that the PCR technique should be adopted as a 
routine method for diagnosis of T. evansi infection in Camels in all regions 
of the Sudan. This implies that the research centers namely El-Showak and 
Al-Obeid should be supplied with all the facilities to conduct PCR analysis, 
those including trained people, reagents and machines which are affordable 
either to the Government or to the private sector. 
Solutions for the problems mentioned by the camels’ owners will be the 
good regulation that will facilitate movement process and keep the area in 
peace. For the health care and increasing the number of animal resources and 
to avoid the problems, several suggestions must be followed:  provision of 
veterinary services to be all over the country, reduction of taxes and local 
decree and obligate the local authorities to apply this decision, increasing 
and widen grazing route and water resources, and ticks and pest control must 
be considered as national parasite in control and prevention measures.   
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